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(54) Location data diffusion and location discovery 



(57) A location discovery metliod uses location data 
items that originate at known locations (X,Y) and are 
passed to, and diffused between, entities (A.B) by short- 
range communication. Each location data item received 
by an entity (A.B) indicates a maximum distance of the 
entity from one of the known locations (X,Y). Each entity 
(A,B) prior to using a location data Item for location de- 
tennination or transferring it to another entity. Is opera- 
tive to increase the maximum distance indicated by the 
location data item to take account of movement of the 



mobile entity since receiving that item. A mobile entity 
(A) effects location detennination by finding locations 
(40) simultaneously consistent with the maximum dis- 
tances (31 ,36) it knows of and any applicable route con- 
straints for how the location data items passed to the 
mobile entity. An example constraint is that vehicle mo- 
bile entities should follow roads (1 ,2.3). The maximum 
distance indicated by a location data item may also be 
increased to take account of transmission hops between 
entities and, indeed, in the case of static entities, It is 
these increases that build the maximum distance value. 
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Description 

Field oftlie Invention 

[0001] The present Invention relates to the diffusion 
of location data by entities equipped with short-range 
communication devices and to the use of such data for 
effecting location discovery 

Backciround of the Invention 

[0002] A number of technologies exist for the short 
range communication of information between moblie 
devices. These technologies include infra-red based 
technologies and low-power radio technologies (includ- 
ing. In particular, the recent"Bluetooth" short range wire- 
less standard). Depending on thetechnology Implemen- 
tation, differingtypesof message propagation will be en- 
abled including asynchronous message broadcast, and 
multicast and point-to-point duplex connections estab- 
lished after coordination and negotiation between com- 
municating devices. 

[0003] One possible useforsuch short-range technol- 
ogies Is the transmission of local Information to passers- 
by equipped with mobile devices having short-range 
transceivers, the local infomnation being, for example, 
transmitted by a shop to inforni the passers-by of current 
promotions. Another use Is in location beacons that 
transmit location infomnation to passers-by. 
[0004] It is known, for example from EP-A- 0,948,222, 
to diffuse information amongst users by short range 
wireless links so that a user need not be In range of an 
origlnatingtransmitterin orderto receive the infomnation 
sent out by the latter. Such an an^ngement Is likely to 
be particularly useful in environments such as shopping 
malls, city centers, tourist attractions, theme parks or 
any other location where large numbers of users cany- 
ing mobile devices with short-range transceivers are 
likely to be in one locality. Another important area of ap- 
plication is the diffusion of Information between devices 
fixed in cars. 

[0005] Figure 1 of the accompanying drawings de- 
picts an infomnation diffusion process in which an origi- 
nating infomnation point 10 (typically fixed, but not nec- 
essarily so) sends out the Information over a short-range 
radio link to nearby mobile devices, Inthis case device 
1 1 , The receiving device 1 1 transmits on the infomnation 
to a neighboring device 12 and then moves (see dashed 
arrow in Figure 1) before sending on the Information 
again to another device 14. Meanwhile mobile device 
1 2 has moved into proximity with device 1 3 to which it 
also transmit the infomnation. Device 13 now moves 
near to the device 14 and passes the latter the infomna- 
tion - however, as device 1 4 already has the information 
from device 11, it ignores the copy from device 13. De- 
vice 13 also passes the Information to a fixed relay trans- 
ceiver which subsequently passes the information to a 
mobile devk:e 15. Finally, device 1 5 passes the infomna- 



tion to device 14 which has now within range of device 
15; again, device 14 ignores the copy Information from 
device 15. 

[0006] . It can be seen that information can be rapidly 
5 diffused among the population of mobile-device users 
In the general vicinity of the source 1 0, So, the process 
of diffusion takes advantage of botin the short range 
wireless technology and the movement of the users car- 
rying the devices. 
10 [0007] By applying appropriate diffusion-limiting 
mechanisms (for example, by assigning the original in- 
fomnation a total time to live of, for example, 1 0 minutes), 
the infomnation will generally only be diffused in the vi- 
cinity of the originating point 1 0. This makes the diffusion 
15 process appropriate f orthe diffusion of location relevant 
infomnation that Is primarily of use only in the vicinity of 
point 10. 

[0008] The advantages of using short-range diffusion 
over sending data on a cellular network such as GSM, 
20 are avoidance of the cellular charges, and the availabil- 
ity of much higher bit rates. 

[0009] The diffused infomnation can, of course, in- 
clude the location of the originating point. For devices 
receiving the infomnation directly from the originating 

25 point, this provides them with a fairly accurate Indication 
of their location (because the Infomnation is received 
over a short-range link). However, as the information is 
diffused between devices, the newly-receiving devices 
get less and less accurate location Information. 

30 [0010] It is an object of tine present Invention to pro- 
vide a location discovery means using the diffusion of 
location infomnation that Is more general in application. 

Summary of the Invention 

35 

[0011] According to the present invention, there is 
provided a method of disseminating location Infomnation 
wherein location data items originating at known loca- 
tions are passed to, and diffused between, entities by 

40 short-range communication, each location data item in- 
cluding a distance-related quantity indicative of an up- 
per bound value forthe distance travelled by the location 
data Item from a specified said known location, said en- 
tities updating the distance-related quantities of location 

45 data Items they handle to take account of perceived trav- 
el of these location data Items. 

[0012] Location data Items can travel either by being 
carried by an entity or by transmission between entities. 
Accordingly, the distance-related quantity of a location 

50 data item is preferably Increased both by an amount cor- 
responding to the distance moved by an entity storing 
it, and, for each transmission hop between two entities, 
by an amount related to the transmission range of the 
transmitting entity. Of course, for static entities, the first 

55 of these amounts Is not applicable, whereas for fast 
moving entities, the second amount can generally be ig- 
nored. 

[0013] The location data items held by an entity are 
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advantageously used by the entity to detemiine Its lo- 
cation by determining a location simultaneously consist- 
ent, or most nearly consistent, with the upper bound dis- 
tances it l<nows of as a result of location data items It 
has received. In effecting this detennination, the entity s 
may apply one or more route constraints for how the lo- 
cation data items passed to the mobile entity. 
[0014] In one embodiment, the entity is a vehicle 
equipped with a short-range transceiver and an odom- 
eter, the vehicle increasing the upper bound distances to 
of its location data items by the distance travelled by the 
vehicle as indicated by the odometer. In another embod- 
iment, the entity is a pedestrian carrying a mobile device 
with a short-range transceiver, the device effecting an 
estimate of the maximum distance likely to have been ts 
travelled by the pedestrian based on a speed value and 
elapsed time, and the device Increasing the upper 
bound distances of its location data items by the esti- 
mate of the maximum distance likely to have been trav- 
elled by the pedestrian- -20 
[001 5] According to another aspect of the present in- 
vention, there is provided a location discovery method 
in which an entity : 

receives location data items from currently-nearby 25 
transmitting entities, each location data item includ- 
ing a distance-related quantity indicative of an up- 
per bound distance to a specified known location; 
maintains the received location data Items by up- 
dating the distance-related quantity of each location 30 
data item to take account of perceived travel of the 
location data items; and 

effects location determination by determining what 
locations are simultaneously consistent, or most 
nearly consistent, with the upper bound distances 35 
known to the entity. 



[0016] The present Invention also encompasses en- 
tities embodying the foregoing methods. 

Brief Description of the Drawings 



40 



[001 7] Location diffusion and discovery methods and 
entities implementing these methods, all embodying the 
invention, will now be described, by way of non-llmltlng 45 
example, with reference to the accompanying diagram- 
matic drawings. In which: 



so 



Figure 1 is a diagram illustrating an information dif- 
fusion technique; 
Figure 2 is a diagram illustrating the main elements 
of a mobile entity embodying the present invention 
both for vehicle-carried and pedestrian-carried im- 
plementations; 

Figure 3 is a diagram of a map known to a vehicle- ss 
based mobile entity A of the Figure 2 form, the map 
showing originating points for location data items, 
and roads from these points; 



Figure 4 is a diagram similarto Figure 3 illustrating 
how location discovery is effected in a first example 
case; 

Figure 5 is a diagram similarto Figure 3 illustrating 
how location discovery is effected In a second ex- 
ample case; 

Figure 6 is a diagram similar to Figure 3 illustrating 
how location discovery is effected in athird example 
case; 

Figure 7 is a diagram of a second map known to 

vehicle A, and Illustrating how location discovery is 

effected in a fourth example case; 

Figure 8 Is a diagram of a map known to another 

vehicle-based mobile entity B, and illustrating how 

location discovery is effected in a fifth example 

case; 

Figure 9 is a diagram of another map known to ve- 
hicle B, and Illustrating a process for detemnining 
the display of infomnation about upcoming facilities; 
Figure 10 is a diagram illustrating location discov- 
ery for a pedestrian-based mobile entity of the Fig- 
ure 2 form; 

Figure 11 Is a diagram illustrating one metho.d of 
determining a best estimate of location from an area 
of possible locations; and 

Figure 12 is a diagram illustrating a second of de- 
termining a best estimate of location from an area 
of possible locations. 

Best Mode of Carrying Out the Invention 

[0018] Figure 2 shows the main elements of a gener- 
alized mobile entity 20 embodying the present invention . 
As will be seen below, specific implementations ofthe 
generalized mobile entity include a vehicle-based Imple- 
mentation and a pedestrian-based implementation - In 
the fomier case, the functional elements can be built into 
the vehicle whereas In the latter case, the elements will 
generally be provided In the fonm of a mobile device car- 
ried by the pedestrian. 

[0019] The functional elements ofthe mobile entity 20 
comprise: 

a short-range wireless transceiver subsystem 21 
(for example, Infrared-based or, preferably, radio- 
based such as a Bluetooth system) for receiving 
and transmitting location data items 27 fromAo 
nearby mobile entitles of similar form; 
a data-handling subsystem 22 for handling and 
maintaining the location data items 27 and effecting 
location determinations; 

a memory 23 for stored map data and also location 
data items received via the wireless subsystem 21 
and the data-handling subsystem 22; 
a user Interface for a displaying a map-based Indi- 
cation of location to the user; and 
a distance unit 25 for providing a measure of incre- 
mental distance traveled, to the data-handling sub- 
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syst m 22 to enable the latter to maintain the loca- 
tion data items held in memory 23. 

The data-handling subsystem runs four main process- 
es, these being a process 26A for receiving and storing 
location data Items; a process 26B for controlling the on- 
ward transmission of location data items whenever the 
wireless subsystem 21 determines that there is another 
mobile entity close by; a process 26C for updating the 
stored location data items to take account of the incre- 
mental distance traveled by the mobile entity according 
to the distance unit 25; and a process 26D for effecting 
location determination based on the received location 
data items and the map data held in memory 23, and for 
outputting the results of the detemnination to user inter- 
face 24. 

[0020] With respect to the distance unit 25. where the 
mobile entity is vehicle based {see vehicle 28), the unit 
25 can conveniently be constituted by the vehicle's ex- 
isting odometer; for pedestrian-based implementations 
(see pedestrian 29), the distance unit 25 is preferably a 
process run by the data handling subsystem 22 to pro- 
vide an estimate of distance travelled based on the prod- 
uct of elapsed time (since last update or message re- 
ceipt) and a maximum speed value set or measured for 
the pedestrian. 

[0021] Each location data item comprises two main 
fields 27A and 27B, Field 27A holds an identifier of a 
known location, either as a label which can be used to 
look up the location (for example, using the map data 
held in memory 23), or directly as location coordinates 
for the location. Field 27B holds a distance quantity 
which, as will be more fully explained below, con-e- 
sponds to the maximum distance to the known location 
identified by field 27A. The location data item may also 
include a field 27C indicating an applicable constraint 
type as will be explained below. Each location data item 
originates from a short-range transmission source locat- 
ed at the known location specified in the data item; when 
transmitted from this source, the distance quantity Is ze- 
ro valued and, indeed, the location data item transmitted 
from the source may be reduced to simply comprise the 
location identity. 

[0022] Each location data item may be transmitted as 
the sole content of a message or may be Included with 
other message content such as location-dependent In- 
formation 97. 

[0023] The purpose of the update process 26C is to 
update the distance quantity held in field 278 of each 
location data item by adding to it the incremental dis- 
tance travelled by the mobile entity since the last update 
or, for newly received items, since received. Whilst it is 
only necessary to update the distance quantities held in 
fields 278 immediately prior to the data items either be- 
ing used in the location determination process 26D or 
being onwardly transmitted, in practice it may be more 
convenient to continuously update th distance quanti- 
ties. 
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[0024] As a result of this updating, the distance quan- 
tity of each location data item 27 indicates the total dis- 
tance travelled by the mobile entity or entities that have 
participated in carrying the location data item away from 

5 the original transmission source of the data item. Since 
some of the distance travelled may not have been away 
from the source, the distance quantity effectively repre- 
sents the maximum distance (that is, an upper bound 
distance) from the known location identified in the data 

10 Item to the mobile entity currently holding the location 
data item. It should, however, be noted that since the 
distance quantity may be derived by estinnations, it does 
not necessarily represent a true upper bound distance 
but simply an estimated one. 

15 [0025] The general operation of the mobile entity and 
details of how location determination Is effected by the 
mobile entity will now be described, first for a vehicle- 
based embodiment (Rgures 3 to 9) and then for a pe- 
destrian-based embodiment (Figures 10, 11). In thefol- 

20 lowing description, all elements that include short range 
communication means have been identified by a capital 
letter A to Z with the elements X, Y and Z being used for 
transmission sources of location data items (that Is, 
sources located at known locations), and the other ele- 

25 ments being mobile entities of the general form shown 
in Figure 2. 

Vehicle Location (Figures 3 to 9) 

30 [0026] In the following scenarios, it is assumed that 
vehicles A. 8. C, D are equipped as Figure 2 mobile en- 
tities with the vehicle odometers being used as the dis- 
tance units 25. It is also assumed that every few miles 
a vehicle will encounter a short-range transmission 

35 source X, Z or Z sending out a location data Item (which 
as already noted, can simply be a location identifier). It 
Is further assumed that the map data held by the vehi- 
cles A to D hold the locations of the sources X, Y, Z, 
[0027] The change in odometer reading C'Milometer 

40 Advance") between two points will be represented be- 
low in the fonm: 

MA( f/rsf point, second pofnt) 
Also, the distance between two points along a pemnitted 
route (e.g. road) known to a vehicle through its map da- 

43 ta, will be referred to as the Yoad distance* ("RD") and 
will be represented as: 

RD(//rs/ point, second point) 
Of course, there will In general be multiple paths through 
the meshed road network represented by the map data 

50 between two points; in other words, starting from the first 
point, there will be multiple routes to reach the second 
point. The distance RD between two points which Is the 
minimum distance that can be traveled along roads on 
the map to get from one point to the other (or vice versa) 

55 will be referred to as the Minimum Route Distance 
"MRD". Obviously. MRD will very often be greater than 
the distanc 'as the crow flies' between the two point 
concerned. For convenience, the map route(s) taken 
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between two points which minimize the distance are re- 
ferred to below as 'minimum route(s)\ 
[0028] To identify specific location data items 27 
("LD"). the following convention will be used: 

LD{source point; first carrying mobile entity, sec- 
ond carrying mobiie entity, . .) 

so that a location data item source from transmission 
point X and carried by vehicle A and then vehicle B will 
be Identified as LD(X;A.B) 

[0029] Rgure 3 represents a first map Icnown to vehi- 
cle A. The map shows roads 1 and 2 extending between 
location-data-item source points X and Y, with the min- 
imum route being road 1 - thus, MRD{X,Y) is the dis- 
tance along road 1 . A third road 3 from source point Z 
intersects road 1 at junction [1,3] and road 2 at junction 
[2.31. 

[0030] Suppose that at some point in time vehicle A 
passes source point X and receives a location data item 
by short-range transmission from the source point X. 
Suppose also that vehicle B, at an unrelated point in 
time, passes source point Y and receives a location data 
item from that source. Vehicle A now drives towards 
point Y and the distance quantity in location data item 
LD(X:A) is updated with the amount MA(X,Pa) where 
represents the current position of the vehicle. Similarly, 
vehicle B decides to drive towards point X and as it 
progresses, updates Its location data item LD(Y,B) by 
an amount MA(Y,Pb). 

[0031] Subsequently vehicles A and B pass near to 
each other (crossing point Pa,b) and they exchange lo- 
cation data items using their short-range transceivers 
(this exchange being controlled by processes 26B). 
[0032] Concentrating on vehicle A. this vehicle now 
holds location data Items LD{X;A) and LD(Y;B) and 
therefore has the following information regarding the lo- 
cation of the crossing point P;^ 3: 

the crossing point is at a maximum. distance of MA 
(X,Pa b) ^''o^tj known point X, this distance being the 
quantity held in field 27B of LD(X;A); 
the crossing point is at a maximum distance of MA 
(Y,Pa.b) ^^^^ i<nown point Y, this distance being the 
quantity held In field 27B of LD(Y;B); 

The maximum distance MA(X,Pa_b) will, of course, be 
greater than or equal to the minimum route distance 
MRD between X and P>^ b leading to the inequality: 

MRD(X, Pa.b)<=MA(X.Pa.b) 

Similarly: 

MRD{Y, Pa.b)<=MA(Y.Pa^b) 

[0033] Vehicl A does not know which route - road 1 
or road 2 -it has taken from point X. However, for any 



particular route between points X and Y, if the route dis- 
tance RD(X,Y) for that route is greater than the sum of 
the distance quantities 1V1A(X,Pa.b) and MA(Y,Pa.b), 
then clearly the route concerned is not the one taken by 

5 the crossing vehicles A and B. This fact is used by the 
location detenmination process 26D to narrow down the 
location of the vehicle A. How successful this process., 
is depends on the actual routes followed by the vehicles 
A and B (the actual routes may, of course, have includes 

10 elements such as: touring a car park, taking a wrong 
turn and backtracking, using roads not represented by 
map data known to A, etc.). A number of example cases 
are considered below, 

t5 (a) A and B meet on a Minimum Route - If the 
meeting point P;^ q is located on a minimum route 
between X and Y^ then X to Pa,b and Y to P;^ g are 
both also therefore minimum routes. If vehicles A 
and B have followed those minimum routes without 

20 diversion, then 

MRD(X.Pa,b)-MA(X, Pa.b) 



MRD(Y.Pa.b) = MA(Y.Pa.b) 

are both true, so in fact 

MA(X. P^^) + MA(Y. Pa b) = MRD(X,Y) 

This last equation indicates that A and B have met 
on a minimum route between X and Y, and both 

35 have followed the minimum route. 

This is depicted graphically in Figure 4. Vehicle 
A on leaving point X could have followed map track 
30 along road 1 up to a point 31 determined by the 
distance MA(X.Pa.b); alternatively. A could havefol- 

40 lowed map track 32 along road 2 to point 33 also 
determined by the distance MA(X,Pa,b). Similarly, 
vehicle B on leaving point Y could have followed 
map track 35 along road 1 up to point 36A on road 
1 , or points 36B and C on road 3 (if B turned left or 

45 right at Junction [1 ,3]), detennlned by the distance 
MA(Y,Pa,b)'» alternatively, B could have followed 
map track 37 along road 2 to point 38 also deter- 
mined by the distance MA(Y,Pa g). Since the map 
tracks 32 and 33 do not meet, the route followed to 

so bringaboutthemeetingof vehicles A and Bis clear- 
ly not along road 2. In fact, points 31 and 36A coin- 
cide, this point of coincidence representing the only 
location satisfying the maximum source-distance 
bounds set by the distances MA(X. P;^^) and MA 

55 (Y, Pa.b)- This Indicates that both vehicles have fol- 
lowed the minimum route along road 1 without de- 
viation and have met at a point P^b corresponding 
to map point 31 /36A. 
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The foregoing operation of applying the maxi- 
mum distance bounds along map tracks to find lo- 
cations simultaneously satisfying all applicable 
bounds is effected by process 26D. 

If there are two or more minimum routes, then s 
the distance information available to vehicle A (or 
B) is insufficient to enable a resolution of the ambi- 
guity. 

(b) Vehicles A and B meet on a Minimum Route, io 
but one or both have diverged - In this case the 
distances MA(X. P^.b) and MA{Y, P^.b) reported in 
the location data items are greater than would be 
expected for a minimum route meeting so that: 

75 

MRD(X. Pa.b) <= MA(X.Pa.b) 



MRD(Y, Pa.b)<^MA(Y.Pa.b) 

Nevertheless, provided the divergence is small, 
there will remain just one route between X and Y 
that the vehicles A and B could have followed; how- 
ever, there will now be some uncertainty as to the 25 
location of crossing point P^s since the maximum 
distance bounds will overlap along the minimum 
route by an amount corresponding to the divergenc- 
es of the vehicles from that route ("divergences" 
here Including any temporary reversals In direction 30 
of travel along the minimum route). 

Figure 5 illustrates the situation. Again the map 
tracks 32 and 37 along road 2 do not meet ruling 
out the possibility of the crossing point lying on 
thesetracks. However, the end points for the tracks 35 
30 and 35 along road are no longer coincidence but 
bound an overlap route segment 40 (shown 
hatched) for the tracks 30, 35. This overlap route 
segment 40 sets the limit on where crossing point 
P^B might reside, all points along the overlap route 40 
segment satisfying the maximum distance bounds 
set by the distances MA(X, PA3) and MA(Y, PA3). 

(c) Vehicles A and B meet but are not on a IVtin- 
imum Route - In this case, vehicles A and B meet 45 

at some point P^s which is not on a minimum route; 
for convenience, however, it will be assumed that 
the vehicles have not deviated from the known 
routes (i.e. the routes between X and Y that are on 
the map available to A). The situation Is depicted in so 
Figure 6 where the map tracks 32 and 37 for the 
vehicles moving along road 2 now meet, the dis- 
tances M A(X, Pa.b) and M A{Y, P^^ q) bounding these 
tracks such that they end at the same point 33/38. 

55 

[0034] However, there obviously now exist many pos- 
sible location solutions for crossing points along map 
tracks starting out along road 1 . More particularly, track 
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30 now extends well past junction [1 ,3] along roads 1 
and 3 to termination points 31 A, B and C. whilst track 
35 extends well beyond junction [1 ,3] in the opposite di- 
rection to terminate at points 36A, B and C. The overlap 
route segments41 define the range of locations that sat- 
isfy the bounds set by the distances MA(X, Pa.b) and 
MA(Y, Pa.b)- These distances thus provide inadequate 
infomnation to uniquely place P^b on the map. 
[0035] However, the process 26D can apply a proba- 
bility rule to the effect that where there is little or no am- 
biguity of position along one route but a very large am- 
biguity along another route, then It is more likely thatthe 
true position is defined by the fonner rather than the lat- 
ter. 

[0036] Getting more Information from a Third Ve- 
hicle - information from a third vehicle C may provide 
sufficient additional data to resolve or restrict ambigui- 
ties in position. In the following discussion, a different 
road network is assumed to that of Rgures 3 - 6, this 
network being represented by a map (see Figure 7), 
known to vehicle A, with two arcuate roads 4 and 5 ex- 
tending between source points X and Y and a third road 
6 extending from source point Z and crossing road 4 at 
junction [4,6]. Roads 4 and 5 present equal minimum 
distance routes between points X an d Y 
[0037] As with the previous examples, vehicles X and 
Y have picked up location data items from source points 
X and Y respectively, have maintained these itenns as 
they progressed towards the points Y and X respective- 
ly, and have subsequently exchanged their location data 
items at their crossing point P^s-The location data items 
in A's possession immediately after meeting B thus 
place upper distance bounds of MA(X,Pa.b) and MA(Y, 
Pa.b) on the position of vehicle A. 
[0038] In the present example, It is assumed that one 
or both of the vehicles have deviated slightly from the 
minimum route between X and Y with the result that: 

track 50 of vehicle A along road 4, temninating at 
point 51 , overlaps by overlap segment 43 with track 
55 of vehicle B along road 4, terminating at point 
56A; 

track 52 of vehicle A along road 5, tenninating at 
point 53, overlaps by overlap segment 44 with track 
57 of vehicle B along road 5, tennlnating at point 58. 

Vehicle could thus be positioned anywhere in overlap 
segments 43 or 44. 

[0039] Consider now a vehicle C which, having 
passed close by source point Z where it picked up a lo- 
cation data item LD(Z;C), travels along road 6 and at 
some point P^b crosses with vehicle B (the location of 
the crossing point Pqq is not relevant to the present dis- 
cussion). Vehicle B receives C's location data item 
which now becomes location data item LD(2;C,B). Ve- 
hicle updates this item as it continues its journey to the 
point P^B where it crosses with vehicle A. At this cross- 
ing, vehicle A receh^es from vehicle B not only location 
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data Item LD(Y:B) but also location data item LD(Z:C. 
B). The distance field 27B of this latter location data Item 
contains distance quantity: 

MA(Z.Pcb) + MA(Pcb.Pab) 

The first temn is the amount by which update process 
26C of vehicle C updated the distance field up until its 
transfer of the location data item to B; the second tern 
is the amount by which update process 26C of vehicle 
B has Increased the distance field between receiving the 
location data item from C and passing it on to A. Note 
that the distance quantity In field 27C can be expressed 
as a single figure or as separate amounts for each trans- 
porting entity). 

[0040] The quantity MA{Z,Pcb) + MA(Pcb.Pab) 
clearly greater than or equal to the minimum road dis- 
tance from point Z to the crossing point of A and B, that 
is: 

MRD(Z.Pab) <= MA(Z,Pcb) + MA(Pcb.Pab) 

[0041] Vehicle A therefore now has a third distance 
bou nd , this time from point Z, that it can use to determine 
its location. This distance bound is used to terminate 
map track 60 from Z to end points 65A, B and C on roads 
4 and 6. The branch of map track 60 that lies on the road 
4 towards point X overlaps with the overlap segment 43 
determined by the distance bounds from X and Y. and 
further limits the possible locations of vehicle A at Its 
meeting with vehicle B to overlap segment 44. Thus, not 
only has the ambiguity of A's position as between min- 
imum routes 4 and 5 been resolved in favor of road 4, 
but the accuracy of location along the road 4 has been 
increased. 

[0042] The diffusion of location data items from C to 
B to A has thus helped in the detemiination of the loca- 
tion of vehicle A. This diffusion of location data items 
can be viewed as the diffusion of inequality equations 
relating minimum road distance MRD to the distance 
quantities provided by the distance units of the vehicles 
involved. 

[0043] It will be appreciated that as vehicle A pro- 
ceeds from its meeting with B, it will continue to update 
its location data items LD(X;A). LD(Y;B.A) and LD(Z;C. 
B,A) by increasing the distance quantity In the field 27B 
of each item by the distance traveled by A. These loca- 
tion data items can then be passed on to the next vehicle 
that vehicle A meets. 

[0044] Whilst in the above example. C crossed with B 
bef or B met A, C*s location data item would have equal- 
ly helped A derive Its location in the alternative situations 
of; 

C passing close to A prior to A meeting B, 
C passing close to A, after A meeting B. 



[0045] Discarding Location Data - Consider the 
road network depicted by the map, known to vehicle B, 
shown in Figure 8 - this network is simply a single road 
7 connecting points X and Y. 1 n reality there may be other 

5 routes not shown on the map such as a route following 
track 80 (track 80 is not part of the map and Is unknown . 
to the data-handling subsystem of vehicle B). 
[0046] Vehicle A passes close by to point X where It 
receives a location data item, and then follows un- 

10 mapped track 80 before joining road 7 where it meets 
vehicle B that has previously passed point Y. Vehicles 
A and B exchange location data items. Suppose vehicle 
B now tries to establish its location. The location data 
item LD(Y;B) puts B somewhere on map track 75 from 

15 Y up to point 76 set by the distance MA(Y,Pab) whilst 
location data item LD(X;A,B) puts B somewhere on map 
track 70 from X to point 71 ; there is thus a very large 
overlap segment 45 occasioned by the fact that A actu- 
ally followed un-mapped track 80. 

20 [0047] Assume now that vehicle D also passes point 
X and travels towards point Y, this time with no devia- 
tions from road 7. Vehicle D crosses with vehicle B a 
short time before B crosses with vehicle A. Vehicle B 
receives the location data item LD(X;D) from vehicle D . 

25 and this item includes the distance quantity MA(X,Pbd) 
In field 26B. As B takes over the location data item it 
becomes item LD(X;D,B) and this item is maintained by . 
B such that at the time B crossed with A, the distance 
quantity In field 26B of the item Is: 

30 

MA(X,Pbd) + MA(PbdiPba) 

which represents a total nnileage accumulation from 
35 point X. Provided the second temn of this expression is 
not too large, this total mileage from X contained in LD 
(X;D.B) will be less than the total mileage from X given 
by the value MA(X.Pab) contained in the LD{X;A) trans- 
ferred to B by A. In other words, the upper bound on the 
40 distance from X contained LD(X:D ,B) is a tighter bound 
than that contained in LD(X;A) and the latter location 
data Item can be discarded. 

[0048] In temns of the graphical representation of Fig- 
: ure 8, the bound on distance from X set by LD(X;D,B) 

45 Is the track 77 (shown chain-dashed) of D along road 7 
to point 78 where It crossed with B plus the further track 
(shown as a small dotted line) along road 7 to point 79. 
The uncertainty on the position of vehicle B at its point 
of crossing of vehicle A is thus represented by the over- 

50 lap segment 46 between point 79 and the point 76 cor- 
responding to the maximum distance of B from Y. 
.[0049] The discarding of the location data item LD(X, 
Pab) viewed as the discarding of a looser ine- 

quality on the minimum rout distance from X to PAB in 

55 favor of a tighter inequality, that is. the inequality: 



MRD{X.Pab) <= MA(X.A) 
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is discarded in favor of the tighter inequality: 

MRD(X,Pab) <= MA(X,Pdb) + MA(Pdb.Pab) 

[0050] This discarding of location data items avoids 
the need for the mobile entities to be able to hold a large 
number of location data items. Cieariy. as time passes 
the Inequalities represented by the stored location data 
items will become looser (and less useful). 
[0051] However, further vehicles will be met later on, 
potentially giving tighter inequalities and therefore more 
useful infonnation. 

[0052] Determining Direction of Travel - By deter- 
mining successive locations of a vehicle as new location 
data items are received, it is generally possible to de- 
termine the direction of travel of the vehicle. 
[0053] Thus, with reference to Figure 9, consider the 
case of vehicle B traveling past point Y towards X, the 
vehicle having a map showing (for simplicity of explana- 
tion) a single road 8 between points Y and X. The map 
track of the vehicle is shown by dotted line 91 . Vehicle 
B successively passes vehicles A and E that are 
traveling from point X and exchanges location data 
items with these vehicles. When B passes A. it deter- 
mines its location as being within an overlap segment 
92, being the overlap of the then current extent of track 
91 and track 90; the passing of vehicles A and B with 
the accompanying exchange of location data items and 
location determination byB. can conveniently be consid- 
ered as a "location event" for vehicle B. A similar location 
event takes place when B and E cross, the location of 
this crossing point being detenmlned as within overlap 
segment 94. The locations of B determined at the two 
successive location events shows that vehicle B Is 
traveling along road 8 towards X. 
[0054] If this directional information is combined with 
a reasonably accurate location estimate, then tor the 
next period of time (until a junction is encountered), the 
location of the vehicle will In general be known accurate- 
ly by adding the milometer increase MA onto the dis- 
tance traveled along the road, as represented by the 
map (this, of course, assumes that the vehicle does not 
turn around). 

[0055] The location and direction of travel Infonnation 
pennits the data handling subsystem to predict where 
the vehicle will be in a few minutes and to alert the user 
as to upcoming features and facilities. For example, in 
Figure 9 the vehicle B after the second location event 
can anticipate that shop 95 will be reached shortly and 
can therefore alert the vehicle driver accordingly. The 
location-dependent information about features and fa- 
cilities required for this service are, for example, stored 
with the map data or passed to the vehicle in the short- 
range messages used to pass the location data Items. 



Pedestrian Location (Figures 10, 11) 

[0056] The same general principles discussed above 
in relation to using diffused location data items to deter- 
5 mine vehicle location also apply to pedestrian-based im- 
plementations of the Figure 2 mobile entity, the main dif- 
ferences being: 

- for pedestrians, distance traveled is determined, 
10 not by an odometer, but by the product of a speed 
value and elapsed time; 

the constraints placed on the route followed by the 
mobile entity are generally far less, if present at all, 
for pedestrians as compared to vehicles which are 
IS considered as constrained to foiiow the roads rep- 
resented in the map data. 

[0057] This second difference means that the dis- 
tance quantity contained In field 26B of a location data 
20 items will generally simply detenmine the radius of a cir- 
cle, centered on the corresponding known location, that 
corresponds to the maximum distance of travel of the 
location data item from the known point. The location of 
the user is then restricted to the overlap of the maxi- 
2s mum-travel circles centered on the known location 
points for which the entity concemed holds location data 
items. In fact, map-based constraints can be applied in 
much the same way as for the vehicle embodiments in 
cases where it is known that pedestrians are con- 
30 strained to certain routes or areas. The most likely con- 
straints are forbidden areas (e.g. restricted-access 
buildings) and rights-of-way across private land. 
[0058] Figure 10 illustrates an example involving 
three location-data item source points X, Y and Z, and 
55 three pedestrians F, G and H equipped with mobile de- 
vtees having the Figure 2 functionality. Source points X 
and Z are situated on the boundary of a forbidden area 
100 known at least to the device carried by pedestrian 
G whose progress will be considered below. Source Y 
40 Is, for example, mounted on a street light Assume that 
pedestrians F and G pass points Z and X respectively 
and in due course cross close by each other. Location 
data item LD(Z;F) is passed from F to G and is used by 
G along with its location data item UD(X;G) to determine 
45 its position, taking account of the constraints presented 
by its map data (that is, the area 100). 
[0059] The maximum distance of the crossing point 
Pqp from Z Is set by the value MA{2,Pep) contained In 
LD(X;G) passed from G to F (for convenience, the "MA" 
so ("Milometer Advance") label is retained here, notwith- 
standing that the distance traveled is estimated on the 
basis of elapsed time and speed value). The bound of 
the locations that could have been reached from Z is 
delimited by semi-circular arc 102 centered on Z with 
S5 radius MA(Z,Pgp), and quarter-circl arc 103 centered 
on corner 104 of area 100 with radius equal to the dif- 
ference between MA(Z,Pgf) and the distance from Z to 
comer 104. Similarly, the maximum distance of the 
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crossing point Pqf from X Is set by the value MA(X.Pgf). 
the bound of the locations that could have been reached 
being delimited by semicircular arc 105 centered on X 
with radius MA(X.Pgf). quarter-circle arc 106 cen- 
tered on corner 1 07 with a radius equal to the difference 
between MA(X,Pgf) distance from X to comer 

107. 

[0060] The two bounded areas overlap in overlap 
zone 140 which therefore defines the possible location 
of crossing point Pqf- 

[0061] Pedestrian G continues and in due course 
meets pedestrian H who has previously passed close to 
source point Y. Location data item LD(Y;H) is passed 
from H to G. G now recalculates his position based on 
the circle 110 defining the maximum distance of the 
meeting point Pqh from Y - that is. MA(Y,Pgh) - and arcs 

111 and 112 that delimit the further progress of G from 
his meeting with F. More particularly, arclll con^e- 
sponds to arc 106 bounding the distance of G from X 
but has a larger radius to reflect the further distance MA 
{Pgf»Pgh) traveled by G since meeting F; similariy, arc 

1 1 2 corresponds to arc 1 02 bounding the distance of G 
from Y but with a larger radius to reflect the further dis- 
tance MA(Pgp,Pgh) traveled by G, Circle 110 and arcs 
111.112 delimit an overiap area 141 within which meet- 
ing point Pqh "T^ust lie. 

[0062] With regard to the speed value used to deter- 
mine distance traveled, it is possible to make the as- 
sumption that there will be a generally observed upper 
bound of walking speed which the vast majority of pe- 
destrians observe when walking through a public place. 
This upper bound speed can be preset Into all the mobile 
devices for the purposes of effecting distance calcula- 
tions (distance unit 25 In Figure 2). Provided pedestrians 
walk at or near this upper bound speed, and further pro- 
vided that they walk in reasonably straight lines, accu- 
rate location estimates can be derived. Whilst there will 
Inevitably be some people who will be walking well be- 
low the upper bound speed, a location data item re- 
ceived from such a pedestrian Is likely to be rapidly dis- 
carded in favor of tighter bound data received from an- 
other pedestrian. 

[0063] In a small minority of cases, people will exceed 
the assumed upper bound speed. Preferably, the data- 
handling subsystem 22 Is operative to detect when this 
happens on the basis of detecting when this upper 
bound speed Is unable to account for the pedestrian 
concerned moving between two soureie points within an 
indicated time internal. For example, if person G passes 
point X and then time T later G passes point Y, and G 
has been running between the two, then by dividing the 
distance as calculated from the electronic map between 
X and Y, by the time T, It can be detected that G is pro- 
ceeding at a speed above the upper bound. 
[0064] If G's mobile device detects that it Is traveling 
above the upper bound speed, it is arranged to stop dif- 
fusing location data items for a period of time. This is 
done to prevent errors in the location calculations of oth- 



er devices consequential on G exceeding the upper 
bound. Of course, G can still diffuse location relevant 
infonnation. In the event of location data items being 
embedded in a location relevant infonnation message, 

5 ceasing to diffuse location information may be simply 
achieved by setting a bit In the message to indicate in 
effect 'the location infomnatlon Is suspect*. However. G 
exceedingthe upperbounddoes not implythatG cannot 
fix its location. G can still receive diffused location infor- 

10 mation from other devices and so calculate location, G 
simply should not participate in further diffusing location 
infomnatlon. 

[0065] There are other circumstances in which data- 
handling subsystem 22 can detemnine that a device is 

15 being canried at a speed above the assumed upper 
bound. For example, if G passes point X, and F passes 
point Z, and G and F meet after respective times Tq and 
Tp after passing the respective points X, Z, and the dis- 
tance between X and Z divided by (Tq + Tp) gives a 

20 speed greaterthan the upperbound speed, then clearly 
at least one of G and F has been proceeding at a speed 
greater than the upper bound speed. In these circum- 
stances, both G and F should cease to diffuse location 
information. 

25 [0066] Rather than all devices having the same fixed 
upper bound speed, the upper bound speed could be 
detemiined by subsystem 22 for each device from ob- 
servations similar to those discussed above for detect- 
ing excess speeds. If a pedestrian, for whatever reason, 

30 never traveled above a certain speed, then this Individ- 
ual upper bound, rather than a general upper bound, 
could be used to further improve the accuracy of the lo- 
cation estimates. 

[0067] Generally with regard to location detennination 
35 for pedestrians as opposed to vehicles, it may be noted 
that whilst a finer resolution will usually be required, the 
frequency of source points will generally be higher at 
least In shopping malls and similar locations. 
[0068] In a very similar way to the vehicle case, if a 
40 succession of location fixes of a reasonable accuracy 
are obtained, then the general direction In which the per- 
son is going can be determined. Again, this might be 
used for alerting the pedestrian of upcoming features 
and facilities. It Is also possible to provide location esti- 
45 mates based on last location event (such as exchange 
of location data items with another device) and estimate 
of direction and speed. 

[0069] In the foregoing discussion, both for vehicles 
and pedestrians, the actual range of the short-range 

so wireless transceivers of the mobile entities has not been 
taken into account. This is generally acceptable for the 
vehicle case since the transceiver range will be small 
compared with the distances traveled by the vehicle. 
However, in the case of pedestrians, the transceiver 

55 range is a greater fraction of the typical distance being 
moved by a pedestrian; furthemnore in a crowded area, 
such as a shopping mall, a message can diffuse quickly 
from device to device making the cumulative range of 
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the utiiized devices by far the greatest likely contributor 
to message displacement from the location data source. 
This factor can be taken Into account by increasing, in 
transmitted messages, the value of the distance quan- 
tity 27B (measured and/or estimated maximum distance 
from the location-data item source) by a transceiver 
range value. Since, of course, the range of the trans- 
ceiver is a function not only of the transmitter but also 
of the sensitivity of the receiving device, this range value 
added to the distance quantity 27B should be for stand- 
ard receiving conditions. If this range value is added at 
each hop from device to device, the distance quantity 
27B will be increased by the sum of the ranges of the 
participating devices. In fact, where all devices have ap- 
proximately the same range, a simple implementation 
for taking account of the transmission hops would be to 
include In each location data item, effectively as a com- 
ponent of the distance quantity, a hop count which a de- 
vice could then multiple by a range value to derive the 
actual distance quantity component arising from trans- 
mission hops. 

[0070] The foregoing consideration of adding trans- 
mission hop values to the distance quantity 278, effec- 
tively assumes that all devices will be receiving at the 
maximum range, which is unlikely to be the case. By 
separately specifying the range of the transmitting de- 
vice in the transmitted message (and not including it in 
the transmitted the distance quantity 27B), the receiving 
device can choose whether to add the full range value 
to the received distance quantity 27B or whether only a 
percentage amount should be added because the re- 
ceiving device believes itself not to be at the maximum 
range from the transmitting device. Such a belief can be 
derived from the received signal strength, a strong sig- 
nal indicating that the transmitting device is closer than 
if a weak signal Is received. Of course, the transmitting 
device can automatically add 100% of its range to the 
distance quantity 27B when transmitting, the receiving 
device then being responsible for subtracting an appro- 
priate percentage of the transmitting devices range (this 
range value still being Included in the transmitted mes- 
sage). 

[0071 ] Increasing the distance q uantity 27B of a loca- 
tion data item according to displacement of the item, 
whether as a result of being stored in a moving entity or 
as a result of a transmission hop, can be effected for 
any type of entity (mobile or static, vehicle or person) 
and regardless of the usage to which the location data 
item is subsequently put by a receiving entity. 

Static Entities 

[0072] Static entities are entities that do not nomnally 
move. Such entitles can be treated as if they were pe- 
destrian entities but with a maximum walking speed of 
zero. Thus a static entity would transmit received loca- 
tion data items with the same value of the distance quan- 
tity 27B as received (or only Increased by a range value 



as described above). A typical static entity is a PC or 
peripheral in an office. Assuming there are fixed location 
beacons in the environment (but not necessarily In im- 
mediate range of a static entity), then over a period of 
5 time the static entity will accumulate a substantial 
amount of location data from passing mobile entities and 
derive a fairiy accurate Idea of Its location which It can 
pass on . 

[0073] Of course, a static entity may also be movable. 

10 When a static device is moved into a new location, It 
must discard its previously-detenrnined location and ei- 
ther update all its location data Items by an estimate of 
the distance it has been moved or discard those items 
entirely and start afresh. In this respect, it is noted that 

15 the static Item Is very likely only to be moved when pow- 
ered down so that It cannot, with any reliability, fomn a 
time-based estimate of how far it has been moved; as 
a result. It Is likely that all location data will need to be 
discarded. In any event, it is important to be able to de- 

20 temnine when a static entity has been, or might have 
been moved. This can be done in several ways, for ex- 
ample: 



25 



30 



35 



40 



by directly detecting movement of an entity (such 
as by using tilt sensors or other displacement sen^ 
sons - unless the entity is an^anged to have these 
sensors, which are typically electrical/electronic In 
nature, always powered up, it will be necessary to 
use sensors with some form of mechanical or mag- 
netic memory); 

by detecting gross discrepancies between the most 
recently received location data and previously re- 
ceived data (it then being assumed that the most 
recently received data has been received following 
displacement of the entity); 
by detecting power-down/power-up of the entity; 
by detecting major changes In the set of other enti- 
ties which the entity concerned can contact via Its 
short range-transceiver (whilst this set of entities 
may be expected to change continually as mobile 
entities pass into and out of range, there will gener- 
ally be other static devices within range that have a 
more pemnanent presence so that the disappear- 
ance of two or more such devices substantially at 
45 the same time Is likely to Indicate that the subject 
entity has been moved); the subject entity can be 
an-anged to periodically check the set of entities 
within range of Its short-range transceiver in order 
to detemnine whether it has been moved. 

50 

[0074] Being able to detect when an entity is not cur- 
. rently static (that is, it is moving) Is also useful for semi- 
static entitles (and pedestrians can be considered as 
falling into this category). Thus, when a semi-static en- 
55 tity is detected as moving, the value of MA is increased 
by an appropriate (speed)x(time) value whereas when 
no movement is detected, the value of MA is not in- 
creased. 
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Best Estimate L cati n 

[0075] in the foregoing description of deriving mobile 
entity (vehicle / pedestrian) location, the location was 
determined as an overlap segment or zone in which the s 
mobile entity must lie. This section concerns how to de- 
rive a best estimate of location within that zone or seg- 
ment (generally, 'area'). 

[0076] For simplicity of explanation, consideration will 
first be given to a pedestrian scenario where there are io 
no constraints on route. In this case, for each location 
data item picked up by a mobile entity, there is a circle 
of possible entity positions, this circle being centered on 
the location of the source of the location data item (this 
source being referred to below as a 'FAP' or 'Fixed Ac- is 
cess Point' ) and expanding with actual or assumed en- 
tity travel plus any transmission hops; the mobile entity 
lies somewhere within this circle. Such a circle is called 
a 'FAP circle* In the following. 

[0077] A general approach for determining best esti- 20 
mate of location is as follows. In general there will be an 
area 134 (see Figure 11) fomned by the overlap of the 
areas of multiple FAP circles 130 to 132, i.e. the area of 
overlap will be in all FAP circles. This is found by finding 
the points of intersection between each pair of FAP cir- 2£ 
cles. The (in general 2) points of Intersection between 
2 circles can be found using a well known and simple 
formula which derive the coordinates of the points of in- 
tersection. 

[0078] The points which make up the vertices of the 30 
boundary of the area of overiap134 will be those points 
135 of intersection which are inside all of the other cir- 
cles, again easily detemriined computationally. 
[0079] A simple best estimate of position can be made 
by taking the mean (average) of the vertices 1 35 of the 35 
area of overlap 134. 

[0080] Another way of making the best estimate is to 
approximate the area of overiap 134 as having straight 
lines, (so the area ofoveriap is approximated as a poly- 
gon, in this particular case a triangle 137 as illustrated 40 
in Figure 12) and to work out the center of gravity of the 
polygon. The center of gravity is in some sense the cent- 
er of the area of overlap. 

[0081] This is easily calculated in the case of the tri- 
angle shown, and for more complex polygons, there are 45 
various ways of calculating the center of gravity, one of 
which is to break down the polygon into a set of rectan- 
gles and triangles which form it, calculate the center of 
gravities (and areas) ofthe constituent rectangles and 
triangles, and from them calculate the center of gravity so 
ofthe whole polygon (again the area ofthe whole is likely 
to be calculated to do this). 

[0082] It will be appreciated that other methods can 
also be used for determining a best estimate location. 
For example, where two FAP circles overiap, then (by 55 
calculation) they can both be progressively reduced in 
size by the same percentage amount of their original re- 
spective radii until the circles only touch, this touching 



point th n being taken as the best estimate location. A 
similar technique can be applied where there are three 
or more overlapping FAP circles, the first circle-touching 
point produced being the location best estimate. 
[0083] Conversely, where two (or more) FAP circles 
fail to intersect, then the radii of the circles can. be in- . 
creased (rather than decreased) by the same percent- ; 
age amount until a touching point is reached, the touch- 
ing point again being the location best estimate. Such a 
situation can arise because the distance quantity 27B 
in a location data Item may well only be an estimate of 
the maximum distance of an entity from the specified 
FAP and could therefore be under-valued. 
[0084] In a situation where a particular FAP circle is 
actually inside all of the others (i.e. the infonnation per- 
taining to one FAP is more recent or 'tighter' that the 
others) then the best estimate Is in fact that the mobile 
device in question Is close to the center of that FAP. 
[0085] The above analysis leads to strategies for min- 
imizing the amount of data transmitted. One strategy 
would be to eliminate from transmission to other devices 
a FAP circle (that is, a location data item with the center 
of a FAP circle and radius, these being the elements 27A 
and B of the Figure 2 location data item 27) from those 
to be sent on, if it does not contribute to a circle^ircle 
intersection creating a vertex of the area of overiap 1 34; 
a less stringent strategy is to take the set of FAP circles . 
which contribute to the vertices of the area of overlap, 
and if any of the FAP circles encloses all of the circles 
in the above set, then to eliminate the enclosing FAP 
circle from being sent on in any future exchange of in- 
formation with other mobile entitles. 
[0086] With regard to route constraints, these can be 
used to further limit where the mobile entity lies within 
the overlap zone. In fact, the type of route constraint is 
likely to influence what method is used to derive a best 
estimate of position within the overiap zone. Thus for a 
road vehicle where roads provide route constraints, a 
simply midway position along a road between the be- 
ginning and end ofthe overlap zone is likely to be a good 
solution with account being taken of the likely decisions 
at route junctions based on road importance, intended 
or likely destination, etc. 

Simplified Location Determination 

[0087] In general terms, an entity will have received 
one or more location data items LD 1 to LDn each com- 
prising the coordinates (typically x, y coordinates) of a 
specific known location, and a distance quantity d that 
is a measure or estimate of the maximum distance to 
the known location based on the distance traveled by 
carrying entities and/or the transmission hop distance 
each time the location data item is passed on. in other 
words, the entity possesses location information that 
can be r presented as: 

(d1 . x1 . y1): (d2. x2, y2): (d3, x3, y3): etc, 
[0088] Particularly for hand-held mobile entities, the 
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processing load required to determine the entity's cur- 
rent location should be kept to a minimunn. It may there- 
fore be convenient in certain circumstances not to per- 
form the fill! calculations required to effect location de- 
tenmination from available location data items in any of 
the previously-described ways. Instead, a less accurate 
but simpler algorithm can be employed that operates on 
the basis that the further away a location data item is 
from where it was sourced, the less important it is in the 
location detemnination process. The simplest way of ac- 
complishing this is to make the importance of the known 
location identified by a location data item proportional 
to the inverse of the distance quantity {1/d) of that item. 
A weighted average can be calculated as follows: 

X coordinate of estimate of position = K.(x1/d1 + 
x2/d2 + x3/d3 .,..) 

where K is defined as 1 / (1/d1 + 1/d2 -h 1/d3 ) 

Y coordinate of estimate of position = K.{y1/d1 -4- 
y2/d2+y3/d3 ....) 

where K Is again 1 /(1/d1 + 1/d2 + 1/d3 ) 

[0089] An alternative fomn of expressing this is: 

X coordinate of estimate of position = K.(x1 .c1 + 
X2.c2 + X3.c3....) 

Y coordinate of estimate of position = K.(y1 .c1 + 
y2.c2 + y3.c3....) 

where cl is equal to 1/d/ and K is 1/(c1 +c2 + c3 ....) 

[0090] In the case where cl , c2. c3 etc. are all the 
same, the above expression just leads to a straightfor- 
ward average of x1 , x2, x3 .... and y1 , y2, y3 ... 
[0091] Note that in order to avoid di being zero, at 
least the first transmission hop should be taken account 
of in di (this can be guaranteed by having the short- 
range transmitter at each known location always include 
a value for d equal to the range of the transmitter). 
[0092] In general, there exists a class of location es- 
timates, where the estimate is of the form: 

X coordinate of location estimate = F(d1, d2,. 

d3 x1,x2, x3....) 

Y coordinate of location estimate = G{d1 , d2, 
d3, yi,y2, y3,...) 

or even more generally: 

X coordinate of location estimate =H(d1, d2, 
d3, ,x1 , x2, x3,...y1 , y2, y3, ...) 

Y coordinate of location estimate = L(d1. d2, 
d3, , x1.x2. X3,...y1,y2,y3. ...) 

Location Discovery In Mixed Mode Situations 

[0093] As already indicated, the type of map-bas d 
route constraint applied when detennining location de- 
pends on the general type of mobile entity being con- 



sidered (in the foregoing, whether vehicles or pedestri- 
ans are being considered). It is possible, in fact, to allow 
for location data items to be exchanged between differ- 
ent types of mobile entity. For example, railway locomo- 
s tives could be configured as mobile entities similar to 
vehicles and used to provide location data Items to ve- 
hicles traveling near the locomotive; in this case, when 
considering the distance quantity in field 27B of a loca- 
tion data item just received from a locomotive, the re- 
10 celvlng vehicle should constrain the corresponding map 
track to be along railway lines on the vehicle's map. It 
the purpose of field 27C of a location data item to Indi- 
cate what type ot constraint is applicable to the distance 
quantity in field 27B, the field being inspected by proo- 
fs ess 26D before the latter utilizes the distance quantity 
in location detenmination. Of course, where the distance 
quantity In field 27B is made up of temns associated dif- 
ferent types of route constraint, then these temns should 
be separately stored in field 27B and corresponding 
20 route constraint indicators stored in field 27C. 

Variants 

[0094] Many variations are, of course, possible to the 
25 above-described embodiments of th e in ventio n . For ex- 
ample, the source points for location data items need 
not be fixed but could be mobile devices that derive their 
own location by some other means (such as by using a 
GPS system or a cellular radio network location tech- 
30 nique). 

[0095] With regard to the maps held by the mobile en- 
tities, the map data may be stored seml-pennanently In 
the entities. Alternatively, the map data can be automat- 
ically downloaded - for example, when a pedestrian car- 
35 rying a mobile devfce enters a shopping malt. A third 
possibility is that the map data Is sent to mobile entities 
using diffusion. 

[0096] It win be appreciated that any suitable coordi- 
nate system can be employed for specifying locations; 

40 for example a latitude/longitude based coordinate sys- 
tem can be used or a locally defined coordinate system 
(the latter potentially being more appropriate for use in 
an environment such as a shopping mall or theme park). 
[0097] As already indicated in describing the situation 

45 depicted In Figure 6, where a vehicle could be located 
In two (or more) zones, It may be appropriate to assess 
which is the most probable zone having regard to sur- 
rounding circumstances. More particularly, the location 
determination operation can be arranged to determine 

so which location zone Is the most probable on the basis 
of one or more of the following probability Indbators: 

the size of the location zones as compared with an 
expected degree of location uncertainty ( a large 
55 zone being discarded where only limited inaccuracy 
is expected); 

the natures of the routes followed in order to arrive 
at the location zones from the known locations in- 
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volved (in other words, major routes are more likely 
to have been followed as opposed to minor roads); 
also, timing indications can be used to indicate the 
likely nature of the road used with fast transit times 
favoring the use of major roads; 
the previous history of locations visited or passed 
through by the mobile entity; 
the con-espondence of sensed travel events, such 
as turning, with opportunities for such events along 
routes to the location zones (this requires, of 
course, the provision of suitable sensors feeding 
data to the data-handling subsystem). 



Claims 

1. A method of disseminating location Information 
wherein location data items originating at known lo- 
cations are passed to, and diffused between, enti- 
ties by short-range communication, each location 
data item Including a distance-related quantity In- 
dicative of an upper bound value for the distance 
travelled by the location data item from a specified 
said known location, said entities updating the dis- 
tance-related quantities of location data items they 
handle to take account of perceived travel of these 
location data items. 

2. A method according to claim 1 , wherein a said en- 
tity, which is a mobile entity, increases the distance- 
related quantity of the or each location data item it 
handles by an amount corresponding to the dis- 
tance moved by the entity whilst holding the location 
data item. 

3. A method according to claim 2, wherein the mobile 
entity is a vehicle equipped with a short-range trans- 
ceiver and an odometer, the vehicle Increasing the 
distance-related quantity of its location data Items 
by the distance travelled by the vehtele as Indicated 
by said odometer. 

4. A method according to claim 2, wherein the mobile 
entity is a pedestrian carrying a mobile device with 

a short-range transceiver, the device effecting an ^5 
estimate of the maximum distance likely to have 
been travelled by the pedestrian based on a speed 
value and elapsed time, and the device increasing 
the distance-related quantity of its location data 
items by said estimate of the maximum distance sc 
likely to have been travelled by the pedestrian. 

5. A method according to claim 4, wherein said speed 
is the maximum speed of the pedestrian as judged 
over time by the device based on the time taken for si 
the pedestrian to move between locations as deter- 
mined by the location determination operation. 



6. A method according to claim 4, wh rein said speed 
is a standard maxinium speed for walking pedestri- 
ans, the device: 

monitoring the cun-ent speed of the pedestrian 
based on the time taken for the pedestrian to 
move between locations of known position, and- 
in the event of the current speed of the pedes- 
trian exceeding said standard maximum speed, 
preventing the passing on of location data items 
from the mobile entity to other said entities. 

7. A method according to claim 1 , wherein the dis- 
tance-related quantity of a said location data item 
is increased, for each transmission hop between 
two entitles, by an amount related to the transmis- 
sion range of the transmitting entity. 

8. A method according to claim 7, wherein the in- 
crease of said distance-related quantity Is a fixed 
range value for the transmitting entity, this range 
value being added by the transmitting entity to said 
distance-related quantity. 

9. A method according to claim 7, wherein the said dis- 
tance-related quantity incorporates a hop count for 
providing a measure of the distance travelled by the 
location data Item concerned as a result of trans- 
mission hops. 

10. A method according to claim 7, wherein the in- 
crease of said distance-related quantity is a fraction 
of a range value for the transmitting entity, this frac- 
tion being determined by the receiving entity in de- 
pendence on the received signal strength, the re- 
ceiving entity adjusting said distance-related quan- 
tity accordingly. 

11 . A method according to claim 1 . wherein a said en- 
tity, which Is a mobile entity, increases the distance- 
related quantity of the or each location data item It 
handles both by an amount corresponding to the 
distance moved by the entity whilst holding the lo- 
cation data item and by an amount related to the 
transmission range of the transmitting entity In re- 
spect of one of receipt and transmission of the lo- 
cation data item by mobile entity. 

12. A method according to any one of claims 1 , 2, 7 or 
> 11, wherein a said entity determines Its location by 

determining a location simultaneously consistent, 
or most nearly consistent, with the upper bound val- 
ues it knows of as a result of location data items it 
has received. 

13. A method according to claim 1 2, wherein said entity 
in determining its location, applies one or more 
route constraints for how the location data Items 
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passed to the mobile entity. 

14. A method according to claim 1 3, wherein said entity 
in determining Its location, applies a constraint that 
the said upper bound values are distances along 
predetermined routes from the known locations 
concerned. 

15. A method according to claim 14, wherein said pre- 
determined routes are routes on a map represented 
by map data known to the entity. 

16. A method according to claim 13, wherein said entity 
in determining its location applies a constraint that 
the said upper bound values are distances along 
indeterminate routes that avoid particular zones. 

17. A method according to claim 1 3, wherein a received 
location data item includes an indication of a con- 
straint type to be applied over at least a certain 
length of the associated upper bound distance val- 
ue. 

1 8. A method according to claim 1 2, wherein upon said 
entity receiving a location data item indicating an 
upper bound distance value to a known location for 
which a location data item has been previously re- 
ceived, one of the location data items is discarded, 
the discarded Item being the one indicating the larg- 
er upper bound distance value to the known location 
taking account of any Increases due to movement 
of the entity after item receipt. 

19. A method according to claim 12, wherein upon lo- 
cation detemnination by said entity initially indicating 
multiple location zones where the entity could be 
located, the entity one or more of the following prob- 
ability Indicators: 

the size of the location zones as compared with 
an expected degree of location uncertainty; 
the natures of the. routes followed in order to 
arrive at the location zones from the known lo- 
cations Involved; 

a previous history of locations visited or passed 
through by the entity; 

the correspondence of sensed travel events, 
such as turning, with opportunities for such 
events along routes to the location zones. 

20. A method according to claim 12, wherein the loca- 
tion of said entity is determined on two separate oc- 
casions with the later determination using location 
data received after the first determination whereby 
to enable an indication of the average direction of 
travel to be derived. 

21 . A method according to claim 12, wherein a best es- 



timate of location Is derived within an area of pos- 
sible locations based on an averaging relative to 
vertices of that area. 

5 22. A method according to claim 21 , wherein said esti- 
mate Is carried out by averaging of coordinate val- 
ues of said vertices. 

23. A method according to claim 21 , wherein said esti- 
10 mate Is carried out by finding the center of gravity 

of a polygon delimited by said vertices. 

24. A location discovery method in which an entity : 

15 - receives location data items from currently- 
nearby transmitting entities, each location data 
item Including a distance-related quantity indic- 
ative of an upper bound distance to a specified 
known location; 

20 - maintains the received location data items by 
updating the distance- related quantity of each 
location data Item to take account of perceived 
travel of the location data Hems; and 
effects location determination by determining 

25 what locations are simultaneously consistent, 

or most nearly consistent, with the upper bound 
distances known to the entity. 

25. A method according to claim 24, wherein said entity. 
30 which is a mobile entity, maintains the location data 

items it has received by increasing the distance-re- 
lated quantity of the or each location data item by 
an amount corresponding to the distance moved by 
the entity whilst holding the location data item. 

35 

26. A method according to claim 25, wherein the mobile 
entity is a vehicle equipped with a short-range trans- 
ceiver and an odometer, the vehicle increasing the 
distance-related quantity of its location data Items 

40 by thedlstancetravelledby thevehicle as indicated 
by said odometer. 

27. A method according to claim 25. wherein the mobile 
entity is a pedestrian canying a mobile device with 

45 a short-range transceiver, the device effecting an 
estimate of the maximum distance likely to have 
been travelled by the pedestrian based on a speed 
value and elapsed time, and the device Increasing 
the distance-related quantity of its location data 

50 items by said estimate of the maximum distance 
likely to have been travelled by the pedestrian. 

28. A method according to claim 27, wherein said 
speed is th maximum speed of the pedestrian as 

55 judged over time by the device based on the time 
taken for the pedestrian to move between locations 
as detemnined by the location detemnination oper- 
ation. 
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29. A method according to claim 27. wherein said 
speed Is a standard maximum speed fcrwalking pe- 
destrians, the device: 

monitoring the current speed of the pedestrian 
based on the time taken for the pedestrian to 
move between locations of known position, and 
in the event of the current speed of the pedes- 
trian exceeding said standard maximum speed, 
preventing the passing on of location data Items 
from the mobile entity to other said entities. 

30. A method according to claim 24, wherein said entity 
maintains the location data Items it has received by 
increasing the distance-related quantity of a said lo- 
cation data by an amount related to the transmis- . 
sion range ofthe transmitting entity In respect of one 
of receipt and transmission ofthe location data Item 
by entity. 

31. A method according to claim 30, wherein said entity 
increases the distance-related quantity of a location 
data item immediately prior to the entity transmitting 
that item to another entity, this increase being by a 
fixed transmission range value, 

32. A method according to claim 30, wherein said entity 
increases the distance-related quantity of a location 
data item received from another entity by a fraction 
of a range value for the transmitting entity, this frac- 
tion being determined by the receiving entity In de- 
pendence on the received signal strength. 

33. A method according to any one of claims 24, 25 or 
30, wherein said entity, on encountering another en- 
tity, passes on its previously-received location data 
items to that oth er entity after up dating the distance- 
related quantities associated with these items. 

34. A method according to any one of claims 24, 25 or 
30, wherein said entity in determining its location, 
applies one or more route constraints for how the 
location data items passed to the mobile entity. 

35. A method according to claim 34, wherein said entity 
In determining its location, applies a constraint that 
the said upper bound distances are distances along 
predetennined routes from the known locations 
concerned. 

36. A method according to claim 34, wherein said entity 
in determining its location applies a constraint that 
the said upper bound distances are distances along 
indetenninate routes that avoid particular zones. 

37. A method according to any one of claims 24, 25 or 
30, wherein a best estimat of location is derived 
within an area of possible locations based on an av- 



eraging relative to vertices of that area. 

38. A mobile entity provided with a location discovery 
system comprising: 

5 

a short-range recelverfor receiving location da- 
ta items from currently nearby transmitting en- 
tities, each location data item conceming an up- 
per bound distance to a known location; 
10 - a memory for storing the received data items; 

a distance sub-system for measuring or esti- 
mating the distance travelled by the mobile en- 
tity; 

an update unit for updating the received data 
15 items by increasing the upper bound distance 

associated with each data item by the distance 
measured or estimated by the distance sub- 
system since the Item concerned was received 
or last updated; and 
20 - a location determination unit operative to deter- 
mine what locations are simultaneously con- 
sistent, or most nearly consistent, with the up- 
perbound distances known to the mobile entity. 

2S 39. An entity provided with a location discovery system 
comprising: 

a short-range recelverfor receiving location da- 
ta items from currently nearby transmitting en- 

30 titles, each location data item conceming an up- 

per bound distance to a known location; 
a memory for storing the received data items; 
an update unit for updating the received data 
items by Increasing the upper bound distance 

35 associated with each data item by an amount 

related to the transmission range of the trans- 
mitting entity in respect of one of receipt and 
transmission ofthe location data item by the en- 
tity; and 

40 - a location determination unit operative to deter- 
mine what locations are simultaneously con- 
sistent, or most nearly consistent, with the up- 
per bound distances known to the mobile entity. 

43 40. A location discovery method wherein location data 
Items originating at known locations are passed to, 
and diffused between, mobile entities by short- 
range communication, each location data item re- 
ceived by a mobile entity indicating a maximum dis- 

50 tance of the entity from a said known location, and 
each mobile entity priorto using a location data Item 
for location determination or transferring it to anoth- 
er mobile entity, increasing the maximum distance 
indicated by the location data item to take account 

55 of movement of the mobile entity since receiving 
that item, the mobile entity ffecting location deter- 
mination by finding locations simultaneously con- 
sistent with the maximum distances it knows of and 
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any applicable route constraints for how tlie location systi 
data items passed to the mobile entity. 

41. A location discovery metliod in which a mobile en- 
tity: ^ 

receives location data items from currently- 
nearby transmitting entities, each location data 
item concerning a maximum distance to a 
known location; 

maintains the received data Items by increasing 
the maximum distance associated with each 
data item by the actual or estimated movement 
of the mobile entity; and 

effects location determination by detemnining is 
what locations are simultaneously within all the 
maximum distances known to the mobile entity 
and satisfy any other constraints applied by the 
mobile entity. 

so 



42. A method according to claim 41 , wherein the mobile 
entity, on encountering another mobile entity, pass- 
es on Its previously-received location data items to 
the other mobile entity, the maximum distances as- 
sociated with these items having been increased to 
take account of the actual or estimated movement 
of the mobile entity passing them on. 

43. Amethod according to claim 41 orclaim 42, wherein 
the mobile entity is a vehicle equipped with a short- 
range transceiver and an odometer, the vehicle in- 
creasing the maximum distances of its location data 
items by the distance travelled by the vehicle as In- 
dicated by said odometer. 

44. A method according to claim 41 orclaim 42, wherein 
the mobile entity is a pedestrian carrying a mobile 
device with a short-range transceiver, the device ef- 
fecting an estimate of the maximum distance likely 
to have been travelled by the pedestrian based on 
a speed value and elapsed time, and the device in- 
creasing the maximum distances of Its location data 
items by said estimate of the maximum distance 
likely to have been travelled by the pedestrian. 

45. A method according to claim 41 , wherein the loca- 
tion determination operation applies a constraint 
that the said maximum distances are distances 
along predetemiined routes from the known loca- 
tions concerned. 

46. A method according to claim 41 , wherein the loca- 
tion determination operation applies a constraint 
that the said maximum distances are distances 
along indeterminate routes that avoid particular 
zones. 

47. A mobile entity provided with a location discovery 



em comprising: 

a short-range receiver for receiving location da- 
ta items from currently nearby transmitting en- 
tities, each location data item concerning a 
maximum distance to a known location; 
a memory tor storing the received data Items; 
a distance sub-system for measuring or esti- 
mating the distance travelled by the mobile en- 
tity; 

an update unit for updating the received data 
items by Increasing the maximum distance as- 
sociated with each data item by the distance 
measured or estimated by the distance sub- 
system since the item concerned was received 
or last updated; and 

a location determination unit operative to deter- 
mine what locations are simultaneously within 
all the maximum distances known to the mobile 
entity and satisfy and any other constraints ap- 
plied by the mobile entity. 

48. A method of disseminating location infomiation, 
wherein location data, including a component indic- 
es ative of distance from a particular location, is 
passed between devices by short-range transceiv- 
ers, said distance component of the location data 
being Increased, for each transmission hop be- 
tween two devices, by an amount related to the 
30 transmission range of the transmitting device. 
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